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CLAIMS 



[Claim(s)] 

[Claim 1] The negative-electrode active material in which occlusion discharge of a lithium ion is possible. The 
positive active material which consists of a lithium content multiple oxide in which occlusion discharge of a lithium 
ion is possible. Nonaqueous electrolyte of lithium ion conductivity. It is the non-drainage system rechargeable 
battery equipped with the above, the aforementioned lithium content multiple oxide The following general formula 
LiX Mn (2-Y-Z) MY CrZ O (4+P) however, M nickel or Co being shown - X, Y, Z, and P - each 
0.85<=X<=1.2, 0< Y<0.5, and 0< Z<1 -- and 2Y+Z <=X - 0<=P it is - it expresses - having - Li/Li+ It is 
characterized by being the lithium manganese multiple oxide of the spinel system which receives and has the 
potential beyond 4.5V. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the non-drainage system rechargeable 

battery which used the lithium manganese multiple oxide for the positive electrode. 

[0002] 

[Description of the Prior Art] In recent years, the inclination of the miniaturization of electronic equipment, thin- 
shape-izing, and lightweight-izing is remarkable, and the demand of a miniaturization, thin-shape-izing, 
lightweight-izing, and the formation of high-energy density is increasing regardless of the object for a drive, and. the 
object for backup also to the cell which serves as a power supply in connection with it. Since the miniaturization of 
a device and lightweight-izing are possible, a rechargeable lithium-ion battery has come to be widely used for 
pocket devices, such as a cellular phone and a note type personal computer, recently. 

[0003] As for the rechargeable lithium-ion battery marketed by general present, carbon is used for the negative- 
electrode active material in the cobalt acid lithium at the positive active material. However, the top where cobalt is 
expensive, since there are few deposits, the cobalt acid lithium of a positive active material may become short 
supply in the future. On the other hand, it is cheap, and the top with abundant deposits, the lithium content 
manganic acid ghost of a spinel system attracts attention as a positive active material in which the occlusion and 
discharge of the lithium in the high voltage equivalent to a nickel acid lithium with a larger capacity per weight than 
a cobalt acid lithium or a cobalt acid lithium are possible, and many researches are made recently. However, if the 
positive active material of the high voltage is developed further, much more high-energy density-ization will be 
attained. Furthermore, although it is high capacity, since potential is high, in combination with a cobalt acid lithium 
positive electrode, it also becomes possible low-temperature baked-carbon material and to use [ the metallic oxide 
to which an energy density becomes low, and ] for a negative electrode, replacing some manganese of a spinel 
system manganic acid lithium with nickel is considered by such purpose --**** (journal OBU electrochemical 
SOSAI tea 1994, 141 volumes, 2279 pages) - the voltage ~ 4.6-4.7V - it is - not necessarily - enough - **** - 
it cannot say 
[0004] 

[Problem(s) to be Solved by the Invention] this invention aims at offering the non-drainage system rechargeable 
battery which was excellent in the high voltage and high capacity at cycle nature, and was excellent in the 
preservation further in an elevated temperature, and cycle nature. 
[0005] 

[Means for Solving the Problem] As a result of this invention persons' inquiring wholeheartedly, it finds out that the 
nickel which replaced a part of lithium manganese multiple oxide of a spinel system with chromium and nickel, or 
cobalt, a chromium content manganic acid lithium or cobalt, and a chromium content manganic acid lithium have 
the high voltage of about 4.8 V to a metal lithium, and the cycle property is excellent, and came to complete this 
invention. 

[0006] Namely, the negative -electrode active material which this invention can occlusion emit [ of a lithium ion ], 
In the non-drainage system rechargeable battery equipped with the positive active material which consists of a 
lithium content multiple oxide in which occlusion discharge of a lithium ion is possible, and the nonaqueous 
electrolyte of lithium ion conductivity The aforementioned lithium content multiple oxide The following general 
formula LiX Mn (2- Y-Z) MY CrZ O (4+P) however, M - nickel or Co - being shown - X, Y, Z, and P - each 
0.85<=X<=1.2, 0< Y<0.5, and 0< Z<1 - and 2Y+Z <=X - 0<=P it is - it expresses - having - Li/Li+ It is the 
non-drainage system rechargeable battery characterized by being the lithium manganese multiple oxide of the spinel 
system which receives and has the potential beyond 4.5V. 

[0007] It explains to a detail per this invention below. The lithium content multiple oxide as a positive active 
material this invention The following general formula LiXMn (2- Y-Z) MY CrZ O (4+P) however, M - nickel or 
Co - being shown - X, Y, Z, and P - each 0.85<=X<=1 .2, 0< Y<0.5, and 0< Z<1 - and 2 Y+Z <=X - 0<=P it is - 
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- it expresses — having — Li/Li+ It is the non-drainage system rechargeable battery characterized by being the 
lithium manganese multiple oxide of the spinel system which receives and has the potential beyond 4.5V. LiMn 
204 The discharge potential of the lithium manganese multiple oxide of the Spinel structure expressed appears in 
the 3 V neighborhood and the 4V neighborhood, 4V field is usually used as a non-drainage system rechargeable 
battery positive electrode, and the capacity is about 120 mAh/g. 

[0008] on the other hand — LiMn 204 LiMnL6 nickel 0.4O4 which replaced some manganese with nickel **** — 
although a high potential plateau appears in 4.4-4. 7V and the cycle property is good, the discharge potential is still 
inadequate Moreover, LiMnl.2 Cr 0.8O4 which replaced some manganese with chromium A cycle property is bad, 
although a high potential plateau appears in 4.9V -4.5V and much more high-voltage-izing is possible. Then, when 
this invention persons replaced some manganese with both nickel and chromium, they found out that the positive- 
electrode material which is high potential and is excellent in a cycle property was obtained. Furthermore, even if 
replaced with both nickel and cobalt, it found out that the same effect was acquired. 

[0009] Thus, although the reason such an effect is acquired by replacing some manganese by other metallic 
elements is not clear, oxidation reduction in the voltage beyond 4.5V of a substitution element is performed stably 
(from 2+ to 4+ of nickel and Co, from 3+ to 4+ of Cr), and it is thought that stabilization of the crystal structure is 
attained. The lithium manganese multiple oxide of the above-mentioned spinel system of this invention is Above X 
and Y and Z preferably. A value is the thing of the following range. 

1.00<=X<=1.150.05<=Y<=0.40.4<=Z<0.8 [0010] As a manganese compound for compounding the lithium 
manganese multiple oxide of the above-mentioned spinel system of this invention, an electrolytic manganese 
dioxide, chemosynthesis manganese dioxide, gamma-MnOOH, manganese carbonate, manganese nitrate, etc. are 
used, and a lithium carbonate, a lithium hydroxide, a lithium nitrate, an acetic-acid lithium, etc. are used as a 
lithium compound, and each oxide, a chloride, a nitrate, a carbonate, etc. can be used as a compound of nickel, 
cobalt, and chromium. 

[001 1] The heat-treatment temperature in that case has 650 degrees C - desirable 900 degrees C, 750 more degrees 
C - 900 degrees C are more desirable, and heating atmosphere has the inside of air, or the desirable bottom of 
oxygen atmosphere or nitrogen-gas-atmosphere mind. The method of compounding the lithium manganese multiple 
oxide of the above-mentioned spinel system of this invention Li atomic number is X. The lithium compound and 
manganese atomic number of the amount used as a mol (2-Y-Z) The manganese compound of the amount used as a 
mol, A nickel atomic number is Y. The nickel compound or cobalt atomic number of the amount used as a mol is Y. 
The cobalt compound and chromium atomic number of the amount used as a mol are Z. The chromium compound 
of the amount used as a mol is mixed, and it consists of heating in the above-mentioned temperature and 
atmosphere. 

[0012] the material usually used for this kind of nonaqueous electrolyte rechargeable battery as a negative-electrode 
active material used combining the positive active material which consists of a spinel system lithium manganese 
multiple oxide of this invention — each — usable — for example, a metal lithium, a lithium alloy, Ti02, and SnSi03 
etc. — a metallic oxide and LiCoN2 etc. — a metal nitride, a carbon material, etc. can be used As a carbon material, 
corks, a natural graphite, an artificial graphite, difficulty graphitized carbon, etc. can be used. Moreover, although it 
is high capacity as a negative-electrode active material, since potential is high, in combination with the present 
cobalt acid lithium positive electrode, the metallic oxide to which an energy density becomes low, and low- 
temperature baked-carbon material can also be used that there is nothing inconvenient. 

[0013] As the electrolytic solution, lithium salt is used as an electrolyte and what was dissolved in the non-aqueous 
solvent can be used. As an electrolyte, independent or two kinds or more can be mixed, and LiC104, LiAsF6, 
LiPF6, LiBF4, LiCF3 S03, Li(CF3 S02)2 N, etc. can be used. Especially as an organic solvent, although not 
limited, carbonate, lactone, ether, etc. are mentioned, for example, independent or two kinds or more can be mixed, 
and solvents, such as ethylene carbonate, propylene carbonate, diethyl carbonate, dimethyl carbonate, methylethyl 
carbonate, 1, 2-dimethoxyethane, 1, 2-diethoxy ethane, a tetrahydrofuran, 1, 3-dioxolane, and gamma- 
butyrolactone, can be used. The concentration of the electrolyte dissolved in these solvents can be used by 1. in 0.5- 
2.0 mols /. 

[0014] The solid-state which made the macromolecule matrix carry out uniform distribution of the above- 
mentioned electrolyte other than the above, a viscous object, or the thing which infiltrated the nonaqueous solvent 
into these can be used. As a macromolecule matrix, a polyethylene oxide, a polypropylene oxide, a 
polyacrylonitrile, a polyvinylidene fluoride, etc. can be used, for example. Moreover, as a separator for short circuit 
prevention of a positive electrode and a negative electrode, the porous sheet of material, such as polyethylene, 
polypropylene, and a cellulose, a nonwoven fabric, etc. are used. 
[0015] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained in detail. 
[Example] 

(Example 1) The following procedures performed composition of a positive active material. The atomic number of 
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Mn, nickel, and Cr is manganese nitrate, nickel nitrate, and a chromium nitrate respectively (2-Y-Z) =1.4 Mol Y= 
0.2 A mol and Z= 0.4 ******** mixture was carried out at a rate which serves as a mol, the purified water was 
added, and nitric-acid solution was made. Next, Li atomic number (X) 1.0 The aqueous ammonia of an amount was 
enough added with the lithium hydroxide of the amount used as a mol, it mixed, and precipitation was made. In 
order to heat the precipitate at 100 degrees C and to remove an ammonium nitrate subsequently, it heated at heating 
and 450 more degrees C by 150 degrees C. 

[0016] The lithium content multiple oxide was obtained by finally performing heat-treatment for 750-degree-C 12 
hours in air. the obtained product — an X diffraction and a chemical analysis — LiMnl.4 nickel0.2 Cr 0.4O4 of 
spinel system structure it was . After mixing the acetylene black 3 weight section and the scale-like graphite 3 
weight section as an electric conduction agent to this lithium manganese multiple-oxide 1 00 weight section, N- 
methyl pyrrolidone (NMP) was added at a rate of 3 weight sections to AUW, wet blending was performed, and it 
considered as the paste. Subsequently, after applying this paste to both sides of aluminum foil with a thickness of 20 
micrometers which is a positive-electrode charge collector uniformly and making them dry it, pressing was carried 
out with the roller-press machine heated at 150 degrees C, and the band-like positive electrode was obtained. 
[0017] The metal lithium as a positive electrode and a negative electrode is made to counter through the separator 
of the polyethylene fine porous membrane of 25 -micrometer **, and it constructs to the glass cell of a trilateral 
formula, and is 1.0 mols [/l. ] LiPF6. The mixed solution (capacity factor 1 :2) of the ethylene carbonate (EC) which 
dissolved, and dimethyl carbonate (DMC) was poured in, and measurement of charge-and-discharge capacity and 
cycle nature was presented. Subsequently, the purified water was added as the carboxymethyl-cellulose 1 weight 
section, the styrene-butadiene-rubber 2 weight section, and a solvent into the mixture of the graphitization meso 
carbon-fiber 95 weight section and the scale-like graphite 5 weight section, wet blending was performed, and it 
considered as the paste. This paste was uniformly applied to both sides of copper foil with a thickness of 12 
micrometers which is a negative-electrode charge collector, after making it dry, pressing was carried out and the 
band-like negative electrode was produced. 

[0018] Between the above-mentioned band-like positive electrode and the above-mentioned band-like negative 
electrode, on both sides of the polyethylene fine porous membrane with a thickness of 25 micrometers, it wound in 
the shape of a roll as a separator, and considered as the winding object. The insulating film was inserted in the pars 
basilaris ossis occipitalis of an iron square shape can, and the aforementioned winding object was crushed and 
inserted. Subsequently, the negative-electrode tab picked out from the winding object was welded to the lock out 
lid, and the positive-electrode tab was respectively welded to the positive-electrode pin of a lock out lid. It is LiPF6 
at the concentration of one mol/1. to the mixed solvent of 1 :2 of ethylene carbonate and dimethyl carbonate in a cell 
can. After pouring in the electrolytic solution which dissolved, the lock out lid was welded, the square shape cell 
with the thickness of 8.6mm, a width [ of 34mm ], and a height of 48mm was produced, and the elevated- 
temperature characteristic test was presented. 

[0019] (Example 2) It is LiMnl.25nickelO.25Cr 0.5O4 with the same method as an example 1. It compounded. The 
cell was produced like the example 1 using the obtained lithium manganese multiple oxide. 
(Example 3) It is Lil.l5Mnl.l5nickel0.1 Cr 0.75O4 with the same method as an example 1. It compounded. The 
cell was produced like the example 1 using the obtained lithium manganese multiple oxide. 

[0020] As a manganese compound, as an electrolytic manganese dioxide and a lithium compound LiOH, (Example 
4) Are used a cobalt nitrate as a cobalt compound and a chromium nitrate is used as a chromium compound. The 
atomic number of Mn, Li, Co, and Cr is =1.4 respectively (2-Y-Z). Mol, X= 1.0 and Y = 0.2 A mol and Z = 0.4 
******** mixture is carried out at a rate which serves as a mol, this is heat-treated at 850 degrees C in air for 24 
hours, and it is LiMnl.4 Co0.2 Cr 0.4O4. It obtained. The cell was produced like the example 1 using the obtained 
lithium manganese multiple oxide. 

[0021] (Example 5) It is Lil.l lMnl.45Co0.05Cr0.4 04 with the same method as an example 1. It compounded. 
The cell was produced like the example 1 using the obtained lithium manganese multiple oxide. 
(Example 6) It is Lil.l lMnl.45Co0.05Cr0.4 04 with the same method as an example 1. It compounded. 
[0022] The obtained lithium manganese multiple oxide is used and it is LiBF4 at the concentration of one mol/1. to 
the mixed solvent of 1 :2 of ethylene carbonate and dimethyl carbonate in the electrolytic solution. The cell was 
produced like the example 1 except having used what was dissolved. 

(Example 1 of comparison) With the same method as an example 1, it is LiMnl.6 nickel 0.4O4. It compounded. 
The cell was produced like the example 1 using the obtained lithium manganese multiple oxide. 
[0023] (Example 2 of comparison) With the same method as an example 1, it is LiMnl .2 Cr 0.8O4. It compounded. 
The cell was produced like the example 1 using the obtained lithium manganese multiple oxide. 
(Example 3 of comparison) An electrolytic manganese dioxide and Li2 C03 It reaches, 900-degree-C24hr heat- 
treatment in air is carried out using a chromium nitrate, and it is LiMnl. 5 Cr 0.5O4. It compounded. The cell was 
produced like the example 1 using the obtained lithium manganese multiple oxide. 
[0024] (Example 4 of comparison) It is Li 1 .0 Mnl .90CoO. 1 04 with the same method as an example 1 . It 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 6/23/2003 



Page 4 of 4 



compounded. The obtained lithium manganese multiple oxide is used and it is LiBF4 at the concentration of one 
mol/1. to the mixed solvent of 1 :2 of ethylene carbonate and dimethyl carbonate in the electrolytic solution. The cell 
was produced like the example 1 except having used what was dissolved. 

(Test result) The cell produced in the example and the example of comparison was evaluated as follows. After 
performing charge by charge voltage 5.2V for 5 hours, it discharged to 3.5V with the current of electric discharge 
rate 0.3C, and the capacity per g was calculated. Furthermore, the room temperature (25 degrees C) performed the 
cycle examination on the above-mentioned charge-and-discharge conditions. 

[0025] The discharge curve and cycle property (25 degrees C) of an example 1 and the examples 1-2 of comparison 
are shown in the drawing 1 (**) - (**) (as for a curve upward slanting to the right, a charging curve and the lower 
right of the curve of ** are discharge curves.), and drawing 2 . As shown in drawing 1 - drawing 2 the non-drainage 
system rechargeable battery of this invention The following general formula LiX Mn (2-Y-Z) MY CrZ O (4+P) 
Z<=X however, M - nickel or Co - being shown - X, Y, Z, and P - each 0.85<=X<=1.2, 0< Y<0.5, and 0< Z<\ - 
and 2 Y+ — 0<=P it is — it expresses — having — Li/Li+ By using for a positive active material the lithium 
manganese multiple oxide of the spinel system which receives and has the potential beyond 4.5V shows excelling in 
the high voltage and high capacity at cycle nature. 

[0026] (Test result) The cell further for elevated-temperature characterization was discharged to 3.5V by electric 
discharge rate 0.5C, after performing charge by charge voltage 5.2V for 5 hours, and cell capacity was calculated. 
Then, it discharged by cooling this charge-and-discharge cycle in the state of charge of 5.2V after 5 cycle 
********** the bottom of 85 degrees C, after 120-hour preservation, and to a room temperature. It asked for the 
rate of self-discharge by {1 -(amount of electric discharge of amount of electric discharge / 5 cycle eye of 6 cycle 
eye)} xlOO. Moreover, after performing charge by charge voltage 5.2V for 5 hours using another cell produced 
simultaneously, it asked for the ratio of the service capacity [ as opposed to the service capacity of a 1 00 cycle deed 
and 1 cycle eye for the cycle which discharges to 3.5V by electric discharge rate 0.5C ] of a 100 cycle eye under 60 
degrees C, and considered as the 60-degree C cycle maintenance factor. 

[0027] The result of an examination of the preservation in this elevated temperature and a cycle is shown in Table 
1 . It turns out that the non-drainage system rechargeable battery of this invention is excellent also in the 
preservation in an elevated temperature, and cycle nature as shown in Table 1 . 
[0028] 
[Table 1] 
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[0029] 

[Effect of the Invention] As stated above, this invention The following general formula LiX Mn (2-Y-Z) MY CrZ O 
(4+P) however, M - nickel or Co - being shown - X, Y, Z, and P - each 0.85<=X<=1.2, 0< Y<0.5, and 0< Z<1 - 
and 2 Y+Z <=X — 0<=P it is — it expresses — having — Li/Li+ By using for a positive active material the lithium 
manganese multiple oxide of the spinel system which receives and has the potential beyond 4.5V Since the non- 
drainage system rechargeable battery which was excellent in the high voltage and high capacity at cycle nature, and 
was excellent also in the preservation further in an elevated temperature and cycle nature can be obtained and the 
cell of high-energy density can be offered more, the industrial value is very large. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

TECHNICAL FIELD 

[The technical field to which invention belongs] this invention relates to the non-drainage system rechargeable 
battery which used the lithium manganese multiple oxide for the positive electrode. 

[Translation done.] 
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* * NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] In recent years, the inclination of the miniaturization of electronic equipment, thin- 
shape-izing, and lightweight-izing is remarkable, and the demand of a miniaturization, thin-shape-izing, 
lightweight-izing, and the formation of high-energy density is increasing regardless of the object for a drive, and the 
object for backup also to the cell which serves as a power supply in connection with it. Since the miniaturization of 
a device and lightweight-izing are possible, a rechargeable lithium-ion battery has come to be widely used for 
pocket devices, such as a cellular phone and a note type personal computer, recently. 

[0003] As for the rechargeable lithium-ion battery marketed by general present, carbon is used for the negative- 
electrode active material in the cobalt acid lithium at the positive active material. However, the top where cobalt is 
expensive, since there are few deposits, the cobalt acid lithium of a positive active material may become short 
supply in the future. On the other hand, it is cheap, and the top with abundant deposits, the lithium content 
manganic acid ghost of a spinel system attracts attention as a positive active material in which the occlusion and 
discharge of the lithium in the high voltage equivalent to a nickel acid lithium with a larger capacity per weight than 
a cobalt acid lithium or a cobalt acid lithium are possible, and many researches are made recently. However, if the 
positive active material of the high voltage is developed further, much more high-energy density-ization will be 
attained. Furthermore, although it is high capacity, since potential is high, in combination with a cobalt acid lithium 
positive electrode, it also becomes possible low-temperature baked-carbon material and to use [ the metallic oxide 
to which an energy density becomes low, and ] for a negative electrode, replacing some manganese of a spinel 
system manganic acid lithium with nickel is considered by such purpose --**** (journal OBU electrochemical 
SOSAI tea 1994, 141 volumes, 2279 pages) — the voltage — 4.6-4.7V — it is — not necessarily — enough — **** — 
it cannot say 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 

EFFECT OF THE INVENTION 

[Effect of the Invention] As stated above, in this invention The following general formula LiX Mn (2-Y-Z) MY CrZ 
O (4+P) however, M - nickel or Co - being shown - X, Y, Z, and P each 0.85<=X<=1.2, 0< Y<0.5, and 0< Z<\ 
— and 2Y+Z <=X - 0<=P it is - it expresses - having — Li/Li+ The lithium manganese multiple oxide of the spinel 
system which receives and has the potential beyond 4.5V is used for a positive active material. Therefore, since the 
non-drainage system rechargeable battery which was excellent in the high voltage and high capacity at cycle nature, 
and was excellent also in the preservation further in an elevated temperature and cycle nature can be obtained and 
the cell of high-energy density can be offered more, the industrial value is very large. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] this invention aims at offering the non-drainage system rechargeable 
battery which was excellent in the high voltage and high capacity at cycle nature, and was excellent in the 
preservation further in an elevated temperature, and cycle nature. 

[Translation done.] 
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* * NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] As a result of this invention persons' inquiring wholeheartedly, it finds out that the 
nickel which replaced a part of lithium manganese multiple oxide of a spinel system with chromium and nickel, or 
cobalt, a chromium content manganic acid lithium or cobalt, and a chromium content manganic acid lithium have 
the high voltage of about 4.8 V to a metal lithium, and the cycle property is excellent, and came to complete this 
invention. 

[0006] That is, this invention is a non-drainage system rechargeable battery characterized by being the lithium 
manganese multiple oxide of the spinel system characterized by providing the following. The negative-electrode 
active material in which occlusion discharge of a lithium ion is possible. The positive active material which consists 
of a lithium content multiple oxide in which occlusion discharge of a lithium ion is possible. In the non-drainage 
system rechargeable battery equipped with the nonaqueous electrolyte of lithium ion conductivity The 
aforementioned lithium content multiple oxide The following general formula LiX Mn (2-Y-Z) MY CrZ O (4+P) 
(however M - nickel or Co - being shown - X, Y, Z, and P - each 0.85<=X<=1 .2 and 0<Y -- <0. - 5 and 0< Z<1 

— and they are 2Y+Z <=X and 0<=P — it expresses with) — having — Li/Li+ receiving — potential beyond 4.5V 
[0007] It explains to a detail per this invention below. The lithium content multiple oxide as a positive active 
material this invention The following general formula LiXMn (2-Y-Z) MY CrZ O (4+P) however, M - nickel or 
Co - being shown - X, Y, Z, and P -- each 0.85<=X<=1 .2, 0< Y<0.5, and 0< Z<1 and 2 Y+Z <=X - 0<=P it is - 

- it expresses — having — Li/Lin- It is the non-drainage system rechargeable battery characterized by being the 
lithium manganese multiple oxide of the spinel system which receives and has the potential beyond 4.5V. LiMn 
204 The discharge potential of the lithium manganese multiple oxide of the Spinel structure expressed appears in 
the 3 V neighborhood and the 4V neighborhood, 4V field is usually used as a non-drainage system rechargeable 
battery positive electrode, and the capacity is about 120 mAh/g. 

[0008] on the other hand — LiMn 204 LiMnl.6 nickel 0.4O4 which replaced some manganese with nickel ****-- 
although a high potential plateau appears in 4.4-4. 7V and the cycle property is good, the discharge potential is still 
inadequate Moreover, LiMn 1.2 Cr 0.8O4 which replaced some manganese with chromium A cycle property is bad, 
although a high potential plateau appears in 4.9V-4.5V and much more high-voltage-izing is possible. Then, when 
this invention persons replaced some manganese with both nickel and chromium, they found out that the positive- 
electrode material which is high potential and is excellent in a cycle property was obtained. Furthermore, even if 
replaced with both nickel and cobalt, it found out that the same effect was acquired. 

[0009] Thus, although the reason such an effect is acquired by replacing some manganese by other metallic 
elements is not clear, oxidation reduction in the voltage beyond 4.5V of a substitution element is performed stably 
(from 2+ to 4+ of nickel and Co, from 3+ to 4+ of Cr), and it is thought that stabilization of the crystal structure is 
attained. The lithium manganese multiple oxide of the above-mentioned spinel system of this invention is Above X 
and Y and Z preferably. A value is the thing of the following range. 

1.00<=X<=1.150.05<=Y<=0.40.4<=Z<0.8. [0010] As a manganese compound for compounding the lithium 
manganese multiple oxide of the above-mentioned spinel system of this invention, an electrolytic manganese 
dioxide, chemosynthesis manganese dioxide, gamma-MnOOH, manganese carbonate, manganese nitrate, etc. are 
used, and a lithium carbonate, a lithium hydroxide, a lithium nitrate, an acetic-acid lithium, etc. are used as a 
lithium compound, and each oxide, a chloride, a nitrate, a carbonate, etc. can be used as a compound of nickel, 
cobalt, and chromium. 

[001 1] The heat-treatment temperature in that case has 650 degrees C - desirable 900 degrees C, 750 more degrees 
C - 900 degrees C are more desirable, and heating atmosphere has the inside of air, or the desirable bottom of 
oxygen atmosphere or nitrogen-gas-atmosphere mind, this invention is characterized by providing the following in 
the method of compounding the lithium manganese multiple oxide of the above-mentioned spinel system. Li atomic 
number is X. Lithium compound of the amount used as a mol. A manganese atomic number (2-Y-Z) Manganese 
compound of the amount used as a mol. A nickel atomic number is Y. The nickel compound or cobalt atomic 
number of the amount used as a mol is Y. Cobalt compound of the amount used as a mol. A chromium atomic 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 6/23/2003 



Page 2 of 2 



number is Z. ** which mixes the chromium compound of the amount used as a mol, and is heated in the above- 
mentioned temperature and atmosphere. 

[0012] the material usually used for this kind of nonaqueous electrolyte rechargeable battery as a negative-electrode 
active material used combining the positive active material which consists of a spinel system lithium manganese 
multiple oxide of this invention — each — usable — for example, a metal lithium, a lithium alloy, Ti02, and SnSi03 
etc. — a metallic oxide and LiCoN2 etc. — a metal nitride, a carbon material, etc. can be used As a carbon material, 
corks, a natural graphite, an artificial graphite, difficulty graphitized carbon, etc. can be used. Moreover, although it 
is high capacity as a negative-electrode active material, since potential is high, in combination with the present 
cobalt acid lithium positive electrode, the metallic oxide to which an energy density becomes low, and low- 
temperature baked-carbon material can also be used that there is nothing inconvenient. 

[0013] As the electrolytic solution, lithium salt is used as an electrolyte and what was dissolved in the non-aqueous 
solvent can be used. As an electrolyte, independent or two kinds or more can be mixed, and LiC104, LiAsF6 
</SUB>, LiPF6, LiBF4, LiCF3 S03, Li(CF3 S02)2 N, etc. can be used. Especially as an organic solvent, although 
not limited, carbonate, lactone, ether, etc. are mentioned, for example, independent or two kinds or more can be 
mixed, and solvents, such as ethylene carbonate, propylene carbonate, diethyl carbonate, dimethyl carbonate, 
methylethyl carbonate, 1, 2-dimethoxyethane, 1, 2-diethoxy ethane, a tetrahydrofiiran, 1, 3-dioxolane, and gamma- 
butyrolactone, can be used. The concentration of the electrolyte dissolved in these solvents can be used by 1. in 0.5- 
2.0 mols /. 

[0014] The solid-state which made the macromolecule matrix carry out uniform distribution of the above- 
mentioned electrolyte other than the above, a viscous object, or the thing which infiltrated the non-aqueous solvent 
into these can be used. As a macromolecule matrix, a polyethylene oxide, a polypropylene oxide, a 
polyacrylonitrile, a polyvinylidene fluoride, etc. can be used, for example. Moreover, as a separator for short circuit 
prevention of a positive electrode and a negative electrode, the porous sheet of material, such as polyethylene, 
polypropylene, and a cellulose, a nonwoven fabric, etc. are used. 
[0015] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained in detail. 
[Translation done.] 
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EXAMPLE 



[Example] 

(Example 1) The following procedures performed composition of a positive active material. The atomic number of 
Mn, nickel, and Cr is manganese nitrate, nickel nitrate, and a chromium nitrate respectively (2-Y-Z) =1 .4 Mol Y= 
0.2 A mol and Z= 0.4 ******** mixture was carried out at a rate which serves as a mol, the purified water was 
added, and nitric-acid solution was made. Next, Li atomic number (X) 1.0 The aqueous ammonia of an amount was 
enough added with the lithium hydroxide of the amount used as a mol, it mixed, and precipitation was made. In 
order to heat the precipitate at 1 00 degrees C and to remove an ammonium nitrate subsequently, it heated at heating 
and 450 more degrees C by 150 degrees C. 

[0016] The lithium content multiple oxide was obtained by finally performing heat-treatment for 750-degree-C 12 ' 
hours in air. the obtained product — an X diffraction and a chemical analysis — LiMnl.4 nickel0.2 Cr 0.4O4 of 
spinel system structure it was . After mixing the acetylene black 3 weight section and the scale-like graphite 3 
weight section as an electric conduction agent to this lithium manganese multiple-oxide 100 weight section, N- 
methyl pyrrolidone (NMP) was added at a rate of 3 weight sections to AUW, wet blending was performed, and it 
considered as the paste. Subsequently, after applying this paste to both sides of aluminum foil with a thickness of 20 
micrometers which is a positive-electrode charge collector uniformly and making them dry it, pressing was carried 
out with the roller-press machine heated at 150 degrees C, and the band-like positive electrode was obtained. 
[0017] The metal lithium as a positive electrode and a negative electrode is made to counter through the separator 
of the polyethylene fine porous membrane of 2 5 -micrometer **, and it constructs to the glass cell of a trilateral 
formula, and is 1.0 mols [/l. ] LiPF6. The mixed solution (capacity factor 1 :2) of the ethylene carbonate (EC) which 
dissolved, and dimethyl carbonate (DMC) was poured in, and measurement of charge-and-discharge capacity and 
cycle nature was presented. Subsequently, the purified water was added as the carboxymethyl-cellulose 1 weight 
section, the styrene-butadiene-rubber 2 weight section, and a solvent into the mixture of the graphitization meso 
carbon- fiber 95 weight section and the scale-like graphite 5 weight section, wet blending was performed, and it 
considered as the paste. This paste was uniformly applied to both sides of copper foil with a thickness of 12 
micrometers which is a negative -electrode charge collector, after making it dry, pressing was carried out and the 
band-like negative electrode was produced. 

[0018] Between the above-mentioned band-like positive electrode and the above-mentioned band-like negative 
electrode, on both sides of the polyethylene fine porous membrane with a thickness of 25 micrometers, it wound in 
the shape of a roll as a separator, and considered as the winding object. The insulating film was inserted in the pars 
basilaris ossis occipitalis of an iron square shape can, and the aforementioned winding object was crushed and 
inserted. Subsequently, the negative-electrode tab picked out from the winding object was welded to the lock out 
lid, and the positive-electrode tab was respectively welded to the positive-electrode pin of a lock out lid. It is LiPF6 
at the concentration of one mol/L to the mixed solvent of 1 :2 of ethylene carbonate and dimethyl carbonate in a cell 
can. After pouring in the electrolytic solution which dissolved, the lock out lid was welded, the square shape cell 
with the thickness of 8.6mm, a width [ of 34mm ], and a height of 48mm was produced, and the elevated- 
temperature characteristic test was presented. 

[0019] (Example 2) It is LiMnl.25nickelO.25Cr 0.5O4 with the same method as an example 1. It compounded. The 
cell was produced like the example 1 using the obtained lithium manganese multiple oxide. 
(Example 3) It is Lil . 1 5Mnl . 1 5nickel0. 1 Cr 0.75O4 with the same method as an example 1 . It compounded. The 
cell was produced like the example 1 using the obtained lithium manganese multiple oxide. 

[0020] As a manganese compound, as an electrolytic manganese dioxide and a lithium compound LiOH, (Example 
4) Are used a cobalt nitrate as a cobalt compound and a chromium nitrate is used as a chromium compound. The 
atomic number of Mn, Li, Co, and Cr is =1.4 respectively (2-Y-Z). Mol, X= 1.0 and Y = 0.2 A mol and Z = 0.4 
******** mixture is carried out at a rate which serves as a mol, this is heat-treated at 850 degrees C in air for 24 
hours, and it is LiMnl .4 Co0.2 Cr 0.4O4. It obtained. The cell was produced like the example 1 using the obtained 
lithium manganese multiple oxide. 
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[0021] (Example 5) It is LiLl lMnl.45Co0.05Cr0.4 04 with the same method as an example 1. It compounded. 
The cell was produced like the example 1 using the obtained lithium manganese multiple oxide. 
(Example 6) It is Li 1.1 lMnl.45Co0.05Cr0.4 04 with the same method as an example 1. It compounded. 
[0022] The obtained lithium manganese multiple oxide is used and it is LiBF4 at the concentration of one mo 1/1. to 
the mixed solvent of 1 :2 of ethylene carbonate and dimethyl carbonate in the electrolytic solution. The cell was 
produced like the example 1 except having used what was dissolved. 

(Example 1 of comparison) With the same method as an example 1, it is LiMnl.6 nickel 0.4O4. It compounded. 
The cell was produced like the example 1 using the obtained lithium manganese multiple oxide. 
[0023] (Example 2 of comparison) With the same method as an example 1, it is LiMnl.2 Cr 0.8O4. It compounded. 
The cell was produced like the example 1 using the obtained lithium manganese multiple oxide. 
(Example 3 of comparison) An electrolytic manganese dioxide and Li2 C03 It reaches, 900-degree-C24hr heat- 
treatment in air is carried out using a chromium nitrate, and it is LiMnl.5 Cr 0.5O4. It compounded. The cell was 
produced like the example 1 using the obtained lithium manganese multiple oxide. 
[0024] (Example 4 of comparison) It is Li 1.0 Mnl.90Co0.1 04 with the same method as an example 1. It 
compounded. The obtained lithium manganese multiple oxide is used and it is LiBF4 at the concentration of one 
mol/L to the mixed solvent of 1 :2 of ethylene carbonate and dimethyl carbonate in the electrolytic solution. The cell 
was produced like the example 1 except having used what was dissolved. 

(Test result) The cell produced in the example and the example of comparison was evaluated as follows. After 
performing charge by charge voltage 5.2V for 5 hours, it discharged to 3.5V with the current of electric discharge 
rate 0.3 C, and the capacity per g was calculated. Furthermore, the room temperature (25 degrees C) performed the 
cycle examination on the above-mentioned charge-and-discharge conditions. 

[0025] The discharge curve and cycle property (25 degrees C) of an example 1 and the examples 1-2 of comparison 
are shown in the drawing 1 (**) - (**) (as for a curve upward slanting to the right, a charging curve and the lower 
right of the curve of ** are discharge curves.), and drawing 2 . As shown in drawing 1 - drawing 2 the non-drainage 
system rechargeable battery of this invention The following general formula LiX Mn (2-Y-Z) MY CrZ O (4+P) 
Z<=X however, M - nickel or Co - being shown - X, Y, Z, and P - each 0.85<=X<=1.2, 0< Y<0.5, and 0< Z<1 - 
and 2 Y+ — 0<=P it is ~ it expresses — having — Li/Li+ By using for a positive active material the lithium 
manganese multiple oxide of the spinel system which receives and has the potential beyond 4.5V shows excelling in 
the high voltage and high capacity at cycle nature. 

[0026] (Test result) The cell further for elevated-temperature characterization was discharged to 3.5V by electric 
discharge rate 0.5C, after performing charge by charge voltage 5.2V for 5 hours, and cell capacity was calculated. 
Then, it discharged by cooling this charge-and-discharge cycle in the state of charge of 5.2V after 5 cycle 
********** the bottom of 85 degrees C, after 120-hour preservation, and to a room temperature. It asked for the 
rate of self-discharge by {1 -(amount of electric discharge of amount of electric discharge / 5 cycle eye of 6 cycle 
eye)} xlOO. Moreover, after performing charge by charge voltage 5.2V for 5 hours using another cell produced 
simultaneously, it asked for the ratio of the service capacity [ as opposed to the service capacity of a 100 cycle deed 
and 1 cycle eye for the cycle which discharges to 3.5V by electric discharge rate 0.5C ] of a 100 cycle eye under 60 
degrees C, and considered as the 60-degree C cycle maintenance factor. 

[0027] The result of an examination of the preservation in this elevated temperature and a cycle is shown in Table 
1 . It turns out that the non-drainage system rechargeable battery of this invention is excellent also in the 
preservation in an elevated temperature, and cycle nature as shown in Table 1 . 
[0028] 
[Table 1] 
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[Translation done.] 
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" * NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** sho^ the word which can not be translated. 
3 in the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (b) LiMnl .4 Cr0.4 nickel 0.2O4 of an example 1 It is drawing showing a discharge curve. 

(b) LiMnl. 6 nickel 0.4O4 of the example 1 of comparison It is drawing showing a discharge curve. 

(c) LiMnl. 2 Cr 0.8O4 of the example 2 of comparison It is drawing showing a discharge curve. 

[Drawing 2] It is drawing showing the cycle nature (service capacity per g) of the cell of an example 1 and the 
examples 1 -2 of comparison. 



[Translation done.] 
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DRAWINGS 



[Drawing 1 ] 
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